L

i

i

s JoURrNAL OF ERoEMIOLOGY

LprRics -@ w7t by The Johns Hopkins University

¢ opvright

Val. 94, Nao. 5
Printed 1n 7.8 4.
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Hoover, R. and P. Cole (Harvard Univ. School of Public Health, Boston, Mass.
02115). Population trends in cigarette smoking and bladder cancer. Amer J
Epidem 94: 409-418, 1971.—An association between cigarette smoking and
bladder cancer has frequently been demonstrated. The causal nature of the
association has, however, remained in doubt. Because of this, trends in smoking
habits and bladder cancer experience were examined for successive birth
cohorts of men and women in the United States, Denmark and England and Wales.
Increasing rates of the disease were observed in populations characterized by an

increase in smoking among successive birth cohorts. The association is consistent
in both sexes, different nationalities and in urban and rural groups. This makes
it unlikely that the findings result from an associaticn both of smoking and bladder

cancer with a third variable.

bladder cancer; cohort analysis; smoking, cigarette

Periods of rapid rise or fall in the inci-
dence of a disease may be fruitful periods
for investigations of that disease’s etiology,
since such changes must be preceded by
striking changes in the character or quan-
tity of at least one causal factor.

Clemmesen (1) and Lockwood (2) sug-
eested that the rapidly increasing incidence
rate of bladder cancer seen in Denmark
may have been due to an increase in smok-
ing habits. Case (3) has suggested that the
increasing mortality rates from this disease
in English men might be following a cohort
pattern. Recently, Cole et al. (4) pointed
out that increasing bladder cancer incidence
rates among American women parallel an
increase in cigarette smoking by successive
cohorts.

! From the Department of Epidemiology, Har-
vard University School of Public Health, 665 Hunt-
ington Avenue. Boston, Massachusetts 02113.

*Supported by grants 5 P01 CA 06373 and TO1
CA 05225 from the National Cancer Institute,
United States Public Health Service.

Although the association of bladder can-
cer risk and cigarette smoking is well estab-
lished. it remains uncertain whether the as-
sociation is causal. If the association is cau-
sal, increasing rates of the disease should be
observed in populations characterized by an
increase in smoking among successive birth
cohorts. The absence of such relationships
would argue against the causal nature of
the association between smoking and blad-
der cancer. We have therefore reviewed the
trends of bladder cancer and of smoking in
successive birth cohorts in several popula-
tions.

MEeTHODS

To correlate exposure and outcome in
successive cohorts, reliable information on
both over an extended period of time is re-
quired. The paucity of information on expo-
sure limits the populations available for
this type of analysis in the present context.
Three populations for which this informa-
tion is adequate are those of the United
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Ficure 1. Annual incidence rates of bladder cancer by age for successive five-vear birth
coborts of Connecticut men born between 1860 and 1910 (data from the Connecticut State

Department of Health (7-9)).

States, Great Britain and Denmark. Data
on smoking from all three countries have
therefore been related to the most suitable
measures of bladder cancer frequency
available. These measures are incidence
rates in the United States (Connecticut)
and Denmark and mortality rates in Eng-
land and Wales.

Estimates of the prevalence of smoking
in successive cohorts are based on data
from wvarious national surveys. For the
United States the proportions used for co-
horts born after 1884 are estimates of the
proportion of the cohort that will smoke in
its lifetime. Such estimates were caleulated
from data collected during a national sur-
vey of smoking habits done in 1955 and are
based on the proportion of people in each
cohort who had ever smoked at the time of
the survey (5). Estimates for cohorts born

prior to 1885 are based on current smokers
at the time of a survey done in 1947. For
Denmark and Great Britain the proportions
used are based on current smokers at the
time of a national survey.

When estimates of a cohort’s lifetime ex-
posure rates were not available, it was as-
sumed that the smoking pattern of a birth
cohort, when surveyed, accurately reflected
its relative lifetime cigarette smoking expe-
rience. Current smoking habits at the time
of the survey will underestimate the expo-
sure of older cohorts, since people in these
cohorts will have had more time and more
reasons for discontinuing the habit. How-
ever, available data (6) indicate that such
underestimates are small enough not to af-
feet any trends observed over successive co-
horts. To avoid underestimating the expo-
sure for younger cohorts, information is
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Frovgre 2. Annual incidence rates of bladder cancer by age for successive Hve-vear birth
cohorts of Connecticut women born between 1860 and 1915 ¢data from the Connectient

Stiate Department of Health (7-9)).

used only from coliorts at least 30 vears of
age when surveved, the age at which a co-
hort’s smoking pattern becomes relatively
fixed 3. 6).

REe=tLTs
Bladder cancer trends

United States: Age-specific tremds in
bladder cancer incidence rates by cohort for
Connecticut men are presented in figure 1.
The few data available for earlier cohorts
suggest that the increase in incidence rates
started with the cohorts of 1870 to 1880

17-9). For men born subsequently. a cohort
type of increase in rates thigher at every
age for cach successive cohort) is seen at
least up until those born in 1905. Because
bladder cancer 1= a disease of the clderly,
relevant data for vounger cohortz are not
vet availlable. What i available for the
1905 and 1910 cohorts suggests a leveling
off and possibly a decrease in wue-specifie
incidences.

Figure 2 shows age-specific trends in inci-
dence by birth cohort for Connecticut
women. For stability, rates are presented in
10-vear age erounines. There is a consistent
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Frauvre 3. Annual incidence rates of bludder cancer by age for successive five-vear hirth
cohorts of Danish men from the capital and from the rural districts born berween 1868 and

1903 (data from Clemmesen (10, 11)).

upward trend in incidence rates heginning
with the cohort of 1895.

Denmark: Perhaps the best illustration
of increasing rates affecting successive co-
horts occurs in the data for urban and rural
Danish men (figure 3). The rates in the
rural sections are uniformly lower than
those in the Capital, but the same phenom-
enon of a cohort pattern of inereasing rates
after the cohort of 1868 is seen in hoth
areas.

Age-specific incidence rates for women in
the Capital of Denmark are presented in
ficure 4. Despite fluctuation there is a gen-
eral upward trend in the rates—at least
from the cohort of 1878 and onward. The
data on rural Danish women, while also
somewhat erratic, follow the same general
trend as those of the urban women (10, 11).

England: Due to the lack of data on the
incidence of bladder cancer over a long pe-

riod of time in Englud. only mortality
rates can be used. Data avuilable for the
period sinee 1955 extend Case's observa-
tions on mortality from bladder ecancer
among English men and reveal a pattern
quite similar to that in the Connecticut in-
cidence data (Figure 5).

Mortality data for English women have
not shown any appreciable inerease in blad-
der cancer death rates up to 1967 (12).

Simoking

If the observed cohort patterns of rising
incidence rates are to be consistent with
patterns of cigarette smoking, then it would
he expected that smoking started to become
popular among Connecticut, British and
urban Danish men with the cohort of about
1870. The percentage of cigarette smokers

would also be expected to increase with
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Frovre 4. Annual incidence rates of bladder

cancer by age for suceessive Hve-ver bivth

cohorts of women from the capital of Dennurk born berween 1868 and 1903 Cdati from

Clemmesen (10. 11)).

cach successive cohort until that of about
1905 when it might level off in the United
States and Great Britain, A similar pattern,
beginning at a much lower baseline level
and not leveling off with the more recent
cohorts would be expeeted in the data on
<moking for Danish women and rural Dan-
ish men. Cigarette smoking would be insig-
nificant among United States women until
the cohort of about 1835. Smoking would
then be more popular in each successive co-
hort at least through the cohort of 1925.
Finally, with no evident trend of bladder
cancer mortality rates among British
women, and in the absence of early inci-
dence data, no prediction would be made

about ~moking habits other than a lack of
trend prior to the cohort of 1880,

As is shown below, these trends in amok-
ing habit= are generally whaut 1= observed in
published data.

United States: Data from Haenszel and
Shimkin (51 provide exposure rates by co-
hort for the general population of the
United States. Table 1 shows the per cent of
women who have ever smoked by birth co-
hort. Among women born prior to about
1890 smoking was and is uncommon. How-
cver, a progressive rise in the per cent who
ever smoked is noted from the 1886 cohort
through the 1926 cohort. This corresponds
with the general impression that cigarette
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Fiavre 5. Annual mortality rate from bladder vancer by age for successive fve-vear
hirth cohorts of men from England and Wales born between 1865 and 1905 (data from

Case (3) and rthe Registrar General (12)).

smoking became popular among women
only after World War I (when the cohort of
1900 was in its 20's).

Relevant exposure data on men are more
difficult to obtain. Due to the lack of popu-
lation based surveys of smoking habits
prior to 1953, data on smoking habits for
cohorts born prior to 1890 are unreliable.
Since the percentage of men having ever
smoked cigarettes among the 1895 cohort is
56.6 per cent (3), it is apparent that the
popularity of the practice began with an
earlier cohort. Data collected in Columbus,
Ohio in 1947 (13) and in Fortune maga-
zine's national poll of 1935 (14) indicate
that cigarette smoking began to gain popu-

larity among men with the cohort of 1870.
At the time of the surveys only 5 per cent
of men born prior to 18635 smoked cigarettes
regularly, while about 40 per cent of men
born in 1880 and later were regular smok-
ers. Figure 6 illustrates the percentage of
men who were cigarette smokers by birth
cohort. A progressive increase with each
successive cohort is noted until a leveling
off with the cohort of 1910.

Denmark: Data for Danish women are
presented in table 2. The data are sufficient
for indicating the trend in cigarette smok-
ing. However, when comparing them with
the percentages from the United States it
should be noted that the Danish figures are
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based on “present =mokers” at the time of
the survey while data from the United
States are estimates of lifetime exposure.
When thi= ix taken into account the appar-
ent carlier and heavier exposure of Danish
woten beesmes even more striking. In faet,
comparing the per cent of present =smokers
among United States women (3) with the
Denmark data =hows the percentaces for
Danish women to be one third higher for
cach ecohort. Furthermore, the Danish fig-
ures for heavy smokers are consistently
greater for cach cohort than the comparable
United States pereentages 5, 121, A turther
observation 1s that eigarillo smoking (table
2) was popular in older Danish women but
not present in England or the United States.

Figure 6 illustrates the smoking experi-
ence of Danish men. Again, the data are
rates of current smokers at the time of the
survey. This results in an underestimation
of the absolute values of the proportions of
persons who ever smoked. but has little ef-
feet on the trends of the rates. These arve
stiikingly similar to those in the United
States and England. The leveling off of per
cent of smokers with the cohort of 1915,
however, 1x not seen among rural men.

England: Trends in English women's
s~moking habits by eohort parallel those of
women in the United States (table 1. Ciga-
rette smoking by men is also similar to that
in the United States and Denmark as is
demonstrated in figure 6 for present smok-
ers. In England, there is an actual decline
in the per cent of smokers with the cohort
of 1910.

Analyses were also done using the pro-
portion of heavy smokers as the index of
exposure wherever the values were availa-
ble. The results obtained were entirely com-
patible with those presented above.

Analytic considerations

Although the quality and representa-
tiveness of the data on exposure are proba-
bly adequate for descriptive purposes, they
are not adequate for extensive quantitative
analyses. However, the regression of blad-

Tser 1
Percentage of women cigarctte smuokers (n
successive -year birth cohorls (n the
United States wd Geeat Breitain

Birth cohort* United “tatest Gireat Britain:
INST-1N90 1.6 18,2
IN91-1900 12,46

e e e 328
1901-1910 267
1911-1920 40.3 45.9

1921-1930 478 51.0

* The surveys used similar age classifications
but were done six vears apart <o the British data
have been approximated to the Uuited States
cohort elassification (e.g. the percentuge listed
for the 1911-1920 cohort in Great Britain actually
refers to the cohort of 1905-1914).

t Estimates of the maximum percentage of the
population in a cohort who would smoke cigarettes
at some time in their lives (data from Haenszel
and Shimkin (5)).

I Percentage of the population in a eohort who
werce cigarette smokers during the first quarter
of 119 (data from Hulton Research (16)).

der cancer incidence on proportion of smok-
ers by eohort, controlling for age, was com-
puted, using the data on Connecticut men.
Connecticut men were chosen for this anal-
vsis because they comprise the group on
whom data are most complete. The slope
of the regression line was 1.87 with a stand-
ard error of 0.29 (p < 0.001).

Discurssion

Case pointed out in 1936 that increasing
bladder cancer mortality rates among Eng-
lish men resulted from higher mortality
rates at every age for each successive birth
cohort (3). The only two exposures known
to be associated with bladder cancer are
smoking and certain occupations. The in-
crease in rates could not be attributed to a
specific changing exposure because it was
not known how much of the disease in any
one population might be attributable to ei-
ther of the suspected causes.
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Ficrgre 6. Percentage of cigarette smokers by cohort for men in Great Britain® the
United Statest and the capital and rural areas of Denmark?.

=

Percentage of the population in a cohort who were cigarette smokers during the fivst

quarter of 1949 (data from Hulton Research (16)).

-

Values prior to 1885 ure the percentages of current smokers in a cohort at the time of

a =urveyv done in 1947 (data from Mills and Porter (13)). Values from 1885 onward
are estimates of the lifetime maximum percentage of the popularion in a cohort who
<moked cigarettes at some time in their lives (data from Haenszel and Shimkin (3)).

I Percentage of current smokers at the time of the Danish Nutional Morbidity Survey,

1952-33 (data from Hamtoft and Lindhardt (15)).

However, even without knowledge of
these attributable risks there was evidence
that might have allowed implication of
smoking as the exposure responsible for
these cohort increases in rates. It could be
presumed that any increase in the use of
carcinogenic substances by industry would
affect all ages in the work force (18 to 65)
equally. This would produce more a cross-
sectional type of increase than a cohort pat-

tern. For a cohort tvpe of increase to result
from occupational exposures it would be
necessary that the exposure acted differ-
ently at different ages, i.e., more carcino-
genic for younger persons. While this is pos-
sible, 1t seems unlikely to have occurred to
the extent required to produce the observed
effect. Since occupation is unlikely. only
smoking and other as yet unknown expo-
sures remain to account for the cohort type
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of inerease in bladder cancer rates. From
various studies of smoking it appears both
that wmounts und tvpes of smoking ure
themselves eoliort phenomena with a partie-
ular cohort’s habits well established by
about age 30. In the absence of knowledee
of other causal exposures it would =cem rea-
sotable to attribute the inerease in bladder
cancer rates to smoking sinee trends in the
exposure and disease rates of a cohort have
been shown to be parallel.

This position was supported by the Mas-
sachusetts study (4, 171, This study pro-
vided estimates of attributable risks per
cent for =moking, occupation and as vet un-
known exposures for bladder canecer in an
industrialized  United States  population.
These percentages were, respeetively, 39. 18
and 43 for men and 29. 6 and 65 for women.
smoking therefore appears to be the major
recognized factor assoeiated with bladder
cancer in  this population, considerably
overshadowing the influence of occupation.

Of course. the usual precautions when
considering the causal nature of an assoeia-
tion must be kept in mind. It mayv be that
the increase in bladder cancer rates refleets
mereased ascertainment of the disease in
this not easily accessible organ. For this to
produce the observed cohort type of in-
crease, it would be necessary that the im-
provement in ascertainment acted differen-
tially on different cohorts. Furthermore it
must have gone on simultaneously in rural
and urban Denmark and must have begun
to occur in relation to USA women some 30
vears after it began in USA men. While
cach of these conditions is plausible, taken
together they would seem quite unlikely.
There is also the matter of 40-63 per cent
of the disease remaining unaccounted for by
Known exposures (4, 17). However. to cause
the observed pattern of increasing rates, an
unknown exposure would also have to par-
allel the patterns of disease frequency dem-
onstrated here. While possible. until such a
factor is identified and shown to fulfill this
requirement it would seem wise to consider
=moking as the exposure responsible.
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Tsie 2
Percenlage of women sniokers in suvressive birth
cohorts in urban and rural Dewniar b

Capital Rural districts

Birth cohort D

Cirsetes Q0 Cretes S0

Before 1853 o4 20.3 0.3 1.7
INN3-1892 12.2 19.8 2.9 3.3
1593-1902 228 228 10.8 6.3
1903-1912  ° 37.2 1.8 IN.3 3.9
1913-1922 55.3 3.5 33,7 2.4
1923-1932 2.7 0.6 48 4 2.3

* Percentages refer to current smokers ut the
time of the Danish National Morbidity Survey,
1952-53 (data from Hamtoft and Lindhardr (15)).

T Almost exclusively cigarillos.

Cohort-specifie bladder eancer rates may
have leveled off or actually begun to decline
in the most recent cohorts of men. It is
tempting to relate this to the leveling off of
per cent of cigarette smokers and to the
decline of thie per cent of heavy smokers in
the most recent cohorts 3. 15, 16). How-
ever, 1t ix roo ecarly for this to be deter-
mined. The decline in percentage of heavy
~smokers i ~mall and the decline in bladder
cancer rates appears in slightly earlier co-
horts than does the leveling oft of per cent
=mokers.
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